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R655Invertebrate Vision: Peripheral
Adaptation to Repeated Object
MotionVisual systems adapt rapidly to objects moving repeatedly within the visual
field, because such objects are likely irrelevant. In the crab, the neural switch
for such adaptation has been found to take place at a surprisingly early stage of
the visual processing pathway.Karin Nordstro¨m1
and Paloma T. Gonzalez-Bellido2
Consider the high-risk job of driving a
Formula 1 car: to avoid collision the
driver must monitor his own car’s
movements and those of the other
participants; changes in the visual
image must therefore be detected
and immediately and continuously be
attributed either to self-motion or to
the motion of others [1]. Of course,
most animals do not drive cars, but
they fly, swim and run extremely
quickly in cluttered environments
that are populated by other moving
organisms. Hence, they too have the
ability to detect and disambiguate
both types of movement [2]. The
two detection systems differ in
one important aspect: attention to
self-induced motion must be sustained
to prevent crashes, but responses to
repetitive object motion of no interest
or imminent threat should be
dampened. Ignoring such repetitive
motion frees the system to concentrate
on novel stimuli that may be highly
relevant. What and where is the switch
that silences the visual system to
repeated object stimulation? Intuitively
such visual ignorance would seem to
require conscious effort involving
high processing centers, but as Be´ron
de Astrada et al. [3] report in this
issue of Current Biology, a similar
phenomenon occurs in the crab
Neohelice (previously Chasmagnatus),
and the requisite adaptation takes
place surprisingly early in the visual
pathway.
In arthropods and insects [4], light is
first absorbed by the photoreceptors,
which then pass the retinotopically
organized visual input to the lamina
(Figure 1A,C). The processing in
the photoreceptors and the lamina
monopolar cells (Figure 1C) is fairly
well described [5,6]. After the lamina,
the retinotopically maintained
information continues to columnarneurons (Figure 1C) in the medulla
(Figure 1A). Medulla neurons are too
small for stable intracellular
electrophysiology, making this
ganglion a black box in terms of our
understanding of visual processing
(but see, for example, [7]). The next
optic ganglion, the lobula (Figure 1A),
contains tangential neurons that
sample large parts of the visual field
[8,9]. Because in the crab the lobula
neurons, such as the lobula giants
(Figure 1C), tend to be larger, they are
amenable to electrophysiological
investigation.
If you are a crab living on a mudflat,
predatory birds flying overhead need
to be instantly avoided to survive [10].
However, repetitive object motion is
unlikely to provide any real danger
and should be ignored (this could be
a leaf being moved back and forth
by the wind). Similarly, tethered
crabs in the lab adapt rapidly to the
repeated motion of a dark bar moving
back and forth (referred to as a visual
danger stimulus, whose motion
resembles that of a ceiling fan blade).
The escape behaviors observed in the
field [11] and on a ball in the laboratory
(Figure 1B) correlate well with the
physiology of lobula giant neurons [8],
making crabs excellent models for
studying the neurophysiological
mechanisms underlying escape
behaviors.
Lobula giant neurons habituate
quickly: whenmotion of a visual danger
stimulus is repeated every two seconds
the neural responses are completely
gone after 15 trials (green, Figure 1D);
the timing of the neuronal and
behavioral adaptation correlates well
(green and purple, Figure 1D). Be´ron
de Astrada et al. [3] found that such
adaptation to repeated stimulation is
not due to neuronal or behavioral
fatigue, as moving the stimulus to a
new part of the visual field restores
full-scaled responses (green and
purple, Figure 1D).To determine the locus of the
lobula giant adaptation to repeated
stimulation, Be´ron de Astrada et al.
[3] consecutively loaded the lobula,
medulla and lamina neuropiles with
a calcium indicator. Because the
intracellular amount of calcium
increases when a neuron is depolarized
[12], the optically recorded calcium
signal (Figure 1B) is highly correlated
with electrophysiologically recorded
membrane potential changes [3].
This gave the authors a unique
opportunity to quantify the responses
also within the tiny neurons of the
medulla.
By imaging the neuronal calcium
responses, Be´ron de Astrada et al. [3]
were able to show that adaptation
in medulla columnar neurons (blue,
Figure 1D) is similar to adaptation of
lobula giants and of behavior: upon
repeated stimulation in the same
part of the visual field, the response
rapidly adapts away. Importantly, if
the stimulus is moved to a different
part of the visual field, the responses
of these previously unstimulated
columnar units are unaffected (blue,
Figure 1D). Crucially, the lamina
monopolar cells do not adapt to
this stimulus (red, Figure 1D).
Therefore, this ingenious study [3]
shows that although behavioral
adaptation to repeated visual danger is
correlated by the neurophysiology of
the lobula giant neurons, the
adaptation takes place one step
earlier, in the medulla columnar
neurons that feed into the lobula
giants. This is very interesting, because
it shows that visual ignorance of
objects that clearly do not provide
any real threat to the animal takes
place at a rather peripheral sensory
stage.
In addition to this new study [3],
crabs have proven to be useful models
for studying discrimination of visual
objects. After being trained with a
protocol that stimulates long-term
learning, crabs can differentiate one
visual danger stimulus from another,
unlearned stimulus [13]. The behavioral
ability to categorize a stimulus
irrespective of its location within the
visual field is supported by the
lobula giants. But because lobula
giants do not correlate with the
behavioral ability to recognize the
context of a visual stimulus [13], this
must take place later in the neural
pathway. Lobula giants likely
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Figure 1. Adaptation to rapid, repeated target motion occurs in peripheral visual pathways.
(A) The optic lobes of Neohelice and other crabs are located in the eyestalks. The magnified
cross-section of the eyestalk shows the retina in black, and the three successive optic ganglia
in yellow hues (La, lamina; Me, medulla; Lo, lobula). (Diagram redrawn from [17]; crab image
courtesy D. Oscar.) (B) The experimental set-up used in the study [3]. Neuronal responses
were quantified using imaging of the calcium signal (Ca2+). Behavioral responses were
quantified by measuring the motion of an air-suspended ball on which the crab was running.
(C) A schematic of the three optic ganglia (colored as in panel A) and neurons that connect
them. The retina photoreceptors (PRs, black) synapse with lamina monopolar cells (LMCs,
red). In the medulla (Me), the LMCs synapse with columnar units (Cols, blue). In turn, columnar
units synapse with the lobula giants (LGs, green), the neurons responsible for coding the
behavioral responses (purple) to visual danger. (D) The crabs were exposed to 15 repeated
stimulations with a visual danger stimulus (small black bar in the pictograms). The color-coded
lines show the responses to trial 1 and trial 15 at each optic neuropile. Trial 15 was presented
in the same (middle column) or a different (right column) part of the visual field.
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neurons in flies and dragonflies.
Recently it was shown that dragonfly
target neurons are able to selectively
attend to one target moving next to a
distractor [14]: it would be interesting
to see if crab lobula giants have the
same ability.
Recent progress [3,13,14] thus
shows that learning, adaptation and
attention to visual stimuli involve
neuronal processing at several
different stages: from the periphery
(ignoring repeated object motion [3]),
through the lobula (paying attention to
one target [14], categorizing a
stimulus [13]), to higher-order
processing, beyond the optic ganglia
(visual context [13]). In future work it
would be interesting to investigate ifthe peripheral adaptation to repeated
object motion [3] requires top-down
regulation via feedback from
higher-order centers involved in
conscious effort, or if it is all
coded within the medulla. If so, which
medulla neurons underlie the local,
quick adaptation?
This new study [3] additionally
highlights that for understanding
the neural basis of complex visual
behaviors, the use of non-model
organisms is of extreme importance.
In arthropods, such as dragonflies,
crabs and hoverflies, the behavioral
responses to object motion are
elaborate and fine-tuned [11,15,16].
Such exquisite responses to
target motion make it feasible to
study and quantify the neuronalmechanisms underlying behavioral
responses.
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